A quasi-buried heterostructure (BH) quantum wire (QWR)-distributed feedback (DFB) laser was realized by one-time selective metalorganic chemical vapor deposition (MOCVD) on a ridge substrate with a submicron grating. One-time selective MOCVD led to the formation of a ridge waveguide with a BH structure and a QWR array for gain-guided DFB laser diode (LD) without additional etching or regrowth process. The threshold current is 15 mA, and the threshold current density is 850 A/cm 2 . A stable single longitudinal mode was preserved until 3 I th , after which another mode emerged at a high drive current at 813.6 nm. This suggests a complex-coupled DFB-mode operation. The elimination of the regrowth step enlarges the range of material for extended wavelengths and operational temperatures.
Introduction
Quantum wires (QWRs) and quantum dots are promising for future optoelectronic devices because of their steep density of states and carrier confinement mechanism resulting in a large differential gain and a low threshold current. 1) At the same time, a reduction in process cost is important for optical devices now that fiber to the home is becoming common.
High-performance devices with reduced processing complexity should be the product of nanotechnology. An array of QWRs was successfully formed in a self-organized way on a grating substrate through a thick cladding region by a constant-growth technique, 2) and QWR-distributed feedback (DFB) lasers were realized through a very simple manufacturing process. 3, 4) Among conventional lateral-mode-controlled laser diodes (LDs), a ridge waveguide LD is advantageous for high-speed modulation due to its lower capacitance than that of a buried heterostructure (BH), although, inherent carrier dissipation from an active stripe increases threshold current. The precise control of ridge height is also required in suppressing leakage current outside a stripe geometry. In contrast, the BH structure has a merit in low-threshold-current operation with its low expense for inducing multiple regrowth steps to form a laser stripe and current blocking layers. A ridge waveguide LD with a quasi-BH structure was obtained by selective metalorganic chemical vapor deposition (MOCVD) on dielectric window stripes.
5) The orientation dependence of crystal growth led to the formation of a trapezoidal cross section with thin sidewalls, and a low-capacitance optical waveguide and a carrier confinement structure were realized at the same time.
In this study, we demonstrate a quasi-BH QWR-DFB laser on a ridge substrate with a submicron grating. Here, we used one-time selective MOCVD to form a ridge waveguide with a BH structure and a QWR array for gain-guided DFB LD without additional etching or regrowth process. Figure 1 shows a schematic illustration and SEM images of this V-groove grating on a ridge substrate. Double channels are formed as shown in Fig. 1(c) instead of an isolated mesa structure for ease of planarization process at a later stage. Then a GaAs buffer layer, a 1-mm-thick lower-N-Al 0:38 GaAs cladding layer, an Al 0:2 GaAs guiding layer, a 3-In 0:2 GaAs QWR active region, an Al 0:2 GaAs guiding layer, a P-Al 0:5 GaAs upper cladding layer and a P-GaAs cap layer were grown by one-time selective MOCVD at 680 C, while preserving the grating profile. The epitaxial growth rate is much faster on (100) than on a high-order sidewall plane. Therefore, a trapezoidal growth profile bound to (100) and high-order sidewall planes was formed, as is shown in Fig. 2 ; this profile was effectively utilized for a ridge waveguide and a quasi-buried structure for optical and carrier confinements, respectively. Figure 3 shows a cross-sectional transmission electron microscopy (TEM) image of the QWR-DFB laser along the ridge stripe. It can be seen that the grating profile of the GaAs substrate is preserved through the 1-mm-thick AlGaAs clad layer and the guide layers with aluminum concentrations of 0.38 and 0.2, respectively. This 1-mm-thick AlGaAs clad layer is necessary to prevent optical loss through the GaAs substrate. 3-InGaAs layers are formed above the guiding layer. The shape and thickness of the active region were clearly modulated, while the grating profiles on the substrate were partly smoothed during the growth of the AlGaAs lower cladding layer. A 120-nm-thick SiO 2 film was deposited by thermal CVD, and 3.5-mm-wide stripe windows were formed by BHF etching. Then the sample was planarized with polyimide. We deposited Cr(300 nm)/Au(2500 nm) as a pcontact, and AuGe(1000 nm)/Ni(800 nm)/Au(2500 nm) as an n-contact by vacuum deposition and alloyed them at 430 C and 440 C, respectively. Finally, we prepared 500 mm Â 4 mm laser bars. Both facets were left uncoated. Figure 4 shows a near-field pattern of the laser diode after being planarized using polyimide. The injection current is effectively concentrated at the ridge area because the sidewall is very thin. Figure 5 shows the current vs light output characteristics of the InGaAs/AlGaAs QWR-DFB laser under a pulsed condition at room temperature. The threshold current is 15 mA, and the threshold current density is 850 A/cm 2 , which are one-half the results 4) obtained with the effective suppression of the leak current. Figure 6 shows the spontaneous emission and lasing spectra of the QWR-DFB laser. We observed lasing emission at 811.9 nm when the current is 14.9 mA. A stable single longitudinal mode was preserved until 3 I th , after which another mode emerged at a high drive current at 813.6 nm. This suggests a complex-coupled DFB-mode operation. The coupled coefficient is estimated to be higher than 67 cm À1 from the wavelength difference between two peaks.
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Conclusions
We realized a low-threshold current, quasi-BH, InGaAs/ AlGaAs QWR-DFB laser using one-time MOCVD on a ridge substrate with a submicron grating. One-time selective growth is effective in reducing production cost and removing the regrowth processes, which are necessary for producing a conventional DFB laser. Because we do not have to consider oxidation during the regrowth process, Al can be incorporated for extended-wavelength and high-temperature operations. The gain-coupled DFB mode by the preservation of the substrate grating results in a large side-mode suppression, which is favorable for stable high-speed modulation.
